OBJECTIVE: To determine the clinical utility of a new age-adjusted measure of body fat distribution (based on waist and hip circumferences) and stature, in relation to biochemical complications in obese children. DESIGN: Cross-sectional, clinical study. The formula to calculate the common standard deviation score (SDS) of waistto-hip ratioaheight (WHRaHt) was obtained from the data of control children. The relationship between WHRaHt SDS, as the age-adjusted measure, in obese children and their clinical laboratory data was evaluated. SUBJECTS: Outpatient obese Japanese children (102 boys and 75 girls) and control children (508 boys and 549 girls), ranging in age from 6 ± 15 y. MEASUREMENTS: Height, body weight, waist girth, hip girth, triceps and subscapular skinfold thicknesses, as anthropometric measures. Percent overweight, percent body fat, waist girth, WHR and WHRaHt SDS as criteria for obesity. Clinical laboratory analyses for fasting blood samples of obese children. RESULTS: The WHRaHt SDS closely correlated with age in obese children, thus re¯ecting the progress of abdominal obesity during growth. The obese boys were more hyperlipidaemic than the girls were, although the percent overweight was similar in both genders. The percent overweight, percent body fat, waist girth and WHRaHt SDS all correlated well with triglyceride (TG), alanine aminotransferase (ALT) and insulin in boys, whereas only waist girth and WHRaHt SDS showed a close correlation with TG and insulin in girls. The obese subjects were subdivided according to the number of abnormal values observed in TG, ALT and insulin. For obese boys, all ®ve indices of obesity were higher in the groups with complications than in the group without. In the girls, only the WHRaHt SDS constantly differed between subgroups. WHRaHt SDS most obviously distinguished the groups with complications from the other group with a wide margin of difference (2-fold in boys and b 2 -fold in girls) in the mean values. CONCLUSION: The WHRaHt SDS can serve as an index predicting the occurrence of biochemical complications in obese children ranging from the age of 6 ± 15 y.
Introduction
Hyperlipidaemia, characterized by an increase in the serum triglyceride (TG) level, hyperinsulinaemia and an elevation of serum transaminase level due to fatty liver, are considered to be the three major abnormalities in clinical laboratory data associated with childhood obesity. 1 Anthropometric standards that can predict such potential health problems should be established for use in both school and clinical settings.
Recently, the amount of intra-abdominal fat (IAF) has been demonstrated to be more signi®cantly related to metabolic derangement induced by obesity, than that of subcutaneous fat. 2 ± 4 In adult studies, cut-off points of IAF for identifying cardiovascular risk have been established. 5 Anthropometric measures such as waist girth 6 ± 9 and waist-to-hip ratio (WHR) 10 have been recognized as useful alternatives to IAF measurement in epidemiological studies of adults. To date, linear growth associated with the development of body build has precluded establishing a useful anthropometric index of body fat distribution in children.
In general, biochemical complications as well as excess weight in obese children tend to worsen during growth, 11 while, in contrast, the normal values for anthropometric measures do not always show a parallel increase. 12 ± 15 The values of the percent body fat and body mass index (BMI) increase, 16 while WHR decreases with age in the prepubertal and pubertal populations of both genders. 12 These changes occur independently of the age-related tendency of worsening biochemical complications in obese children. Accordingly, an arithmetic adjustment for age as a covariate in a population including only obese children may thus not remove the effect of age correctly. Such adjustment may instead actually introduce bias due to the age-related worsening of obesity status when analyzing the relationship between the criteria for obesity and biochemical complications. According to the assumption that standardization of the criteria for obesity in children and adolescents should be based on the actual measures of body build observed in a large population including nonobese and obese subjects, we have previously demonstrated in Japanese school children that the common standard deviation score (SDS) of WHRaheight (Ht) can serve as an epidemiological index of body fat distribution adjusted for children between the ages of 6 ± 15 y. 17 This index was deduced from the result of the principal component analysis. WHRaHt, representing a body shape measure, adjusted by the general size of an individual, gave a highly robust linear regression equation for age by gender. Furthermore, the distribution of the residuals from the regression line for WHRaHt was similar over ages ranging from 6 ± 15 y by gender, supporting the use of the common SDS in all age groups as an indicator of body fat distribution. 17 The present study was designed to further characterize the clinical utility of WHRaHt SDS. We evaluated the relationship between the clinical laboratory data of obese children and this index, along with other conventional criteria for obesity. We then explored which anthropometric index was most powerful in detecting the occurrence of biochemical abnormalities in these children.
Materials and methods

Subjects
A total of 177 obese Japanese children, consisting of 102 boys and 75 girls, who visited the Clinic for Obese Children in Yamanashi Medical University, were enrolled in the present study. A child was considered to be obese when the body weight exceeded 120% of the standard body weight, which is de®ned as the mean body weight corresponding to the Ht for that age obtained from national statistics for Japanese school children. The age of the subjects ranged from 6 ± 15 y. They had no endocrine, metabolic or kidney disease, other than obesity. Before entering a course of treatment, they were instructed to visit the Clinic in the morning, after an overnight fast. Blood was then drawn and, at the same time, they were subjected to anthropometric measurements including Ht, body weight, waist girths, hip girth, and triceps and subscapular skinfold thicknesses.
The control children consisted of 508 boys and 549 girls, ranging in age from 6 ± 15 y. We previously reported the method for standardizing body fat distribution of children based on the data of these control children. 17 This study was approved by the Human Study Committee of Yamanashi Medical University. Informed consent was obtained either from each subject or from his or her parents as appropriate.
Anthropometric measurements
Anthropometric measurements were performed, as described previously, 1, 18 by the medical staff in the Department of Pediatrics, Yamanashi Medical University. In brief, Ht was measured to the nearest 0.1 cm and body weight to the nearest 0.1 kg using a stadiometer. A plastic measuring tape was used to determine the waist girth at the level of the umbilicus, and hip girth at the level of maximum extension of the buttocks, to the nearest 0.1 cm, with the subject standing and following a normal expiration. Skinfold thickness was measured to the nearest 0.1 cm using the Harpenden skinfold calipers (Model SUF-101, Nihon Light Service Inc., Tokyo, Japan) at the following sites: triceps: halfway between the acromion and the olecranon; subscapular: 1 cm below the inferior angle of the scapula. Skinfold was measured on the left side in right-handed children and on the right side in left-handed children.
The percent overweight was used as the index of overweight. The percent overweight was calculated using a small programmed calculator (Pocket Growth Checker GEN-185, Sumitomo Pharmaceuticals Co., Osaka, Japan), based on the data collected in a 1990 nationwide survey of school children. The percent body fat based on skinfold thicknesses was used as the index of adiposity, since this was the sole standard method to estimate percent body fat in Japanese children in the outpatient clinic. The percent body fat was obtained using the equation of WHR was used as the index of body fat distribution. As an age-adjusted measure of body fat distribution, the SDS for WHRaHt was calculated for each gender, based on the data of the control children, according to the previously described method. 17 The formulae used in the calculations were as follows:
WHRaHt (m) 7 (0.9667 7 0.0338 Â Age(y))a0.04107 for boys WHRaHt (m) 7 (0.9557 7 0.0358 Â Age(y))a0.03619 for girls.
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Biochemical analyses
Serum total cholesterol (TC), TG, high-density lipoprotein-cholesterol (HDL-C), apolipoproteins A 1 , A 2 and B, and serum insulin were measured in the clinical laboratory of Yamanashi Medical University Hospital. TC and TG were measured enzymatically with commercial kits (Determiner L TC, TG, Kyowa, Medex, Tokyo, Japan). HDL-C was measured by a dextran sulfate-Mg 2 precipitation method. Apolipoproteins A 1 , A 2 and B were measured by an immunoturbidometry method using commercial kits (Apolipoprotein A 1 , A 2 , and B Determination kits, Daiichi Chemicals, Tokyo, Japan). Insulin was assayed by a two-site immuno-enzymometric method using commercial kits (EIA-PACK IRI, Tosoh, Tokyo, Japan). Low-density lipoprotein-cholesterol (LDL-C) was calculated from the Friedewald equation:
The reference values of the serum biochemical indices were obtained from fasting samples of 121 nonobese children, as described previously. 18 This group consisted of 69 boys and 52 girls, ranging in age from 6 ± 15 (mean 10.0) y and no history of endocrine, metabolic or renal diseases. There were no appreciable gender-related differences among the clinical laboratory data in these children. The normal range was de®ned as the values between the 10 and 90 percentile levels of the reference samples. TG b 1.28 mmolaL, alanine aminotransferase (ALT) b 29 UaL and insulin b 115 pmolaL, were considered to be abnormal, and obese subjects were classi®ed into four groups for each gender, according to the number of abnormal values in serum TG, ALT and insulin levels.
Statistical methods
Data are presented as the means and standard deviation (s.d.). Since the data for TG, ALT and insulin were signi®cantly skewed, they were transformed logarithmically before performing the statistical analyses. The difference between the two means was estimated by the unpaired Student's t-test. A multiple comparison of the means was performed by the post hoc test after one way analysis of variance (ANOVA); Bonferroni's adjustments for the variables with homoscedasticity, and the Dunnett T3 test for those without homoscedasticity. The values were considered to be statistically signi®cant at P`0.05. The statistical analyses were performed using SPSS version 7.5 J (SPSS Inc., Chicago, IL).
Results
Anthropometric data for control and obese children
The anthropometric data for the control children are summarized in Table 1 . The mean age, Ht and body weight were similar for both genders, while the waist girth was larger, and the hip girth was smaller, in the boys than in the girls. The percent body fat was higher in the girls than in the boys, and the WHR and WHRaHt were higher in the boys than in the girls. Table 2 summarizes the anthropometric data for obese children. The mean age, Ht, body weight, waist girth, hip girth, skinfold thicknesses and percent overweight were similar for both genders. The percent body fat was higher, and WHR and WHRaHt were lower in the obese girls than in the obese boys.
Biochemical data for obese children
The mean values of TC, TG, LDL-C, apo A 1 , A 2 and B and ALT were signi®cantly higher in the obese boys than in the obese girls (Table 3) . On the other hand, HDL-C, apo Ba apo A 1 and the fasting plasma insulin level were similar for both genders. Except for apo B and ALT in the boys and insulin in the girls, the mean values were all in the respective normal ranges.
Correlation between criteria for obesity and age
The age-dependence of the criteria for obesity was evaluated in the control children by gender (Table 4) . In both the control boys and girls, the percent body fat and waist girth, but not the percent overweight, were positively correlated with age. The WHR was inversely correlated with age. The WHRaHt was very while its SDS was fully independent of age. Thus, percent body fat, waist girth and WHR were considered to be age-dependent variables, but percent overweight and WHRaHt SDS were age-independent variables. The height-dependence of WHRaHt SDS was also evaluated. By logalog regression, correlation between WHRaHt SDS and height was signi®cant (P`0.001), with r 2 values of 0.0469 for the control boys and 0.0528 for the girls. Thus, contribution of height to the variation of WHRaHt SDS was around 5% in both genders. On the other hand, r 2 values of correlation between waist girth and height for boys and girls were 0.437 and 0.375, respectively.
Positive correlation between the percent body fat and age was more evident in obese children than in the control children, whereas the percent overweight was not correlated with age, even in the obese children (Table 4 ). The correlation between waist girth and age was also more evident in the obese children than in the control children. The WHR was not correlated with age in the obese children. The WHRaHt SDS, unlike in the control, was positively correlated with age in both the obese boys and girls.
Relationship between the criteria for obesity and the serum biochemistry ®ndings in obese children
The correlations between the criteria for obesity and clinical laboratory data in obese children are summarized in Table 5 , Figure 1 and Figure 2 . TC and LDL-C in the boys, HDL-C in the girls, and apo A 1 in both genders showed no signi®cant correlation with any of the ®ve criteria for obesity (data not shown). In boys, the percent overweight correlated closely with TG, ALT and insulin, and moderately with HDL-C, apo B and apo Ba apo A 1 . Similarly, the percent body fat correlated closely with TG, ALT and insulin, and moderately with apo B and apo Ba apo A 1 , and weakly with HDL-C and apo A 2 . The waist girth correlated closely with TG, ALT and insulin, and moderately with HDL-C, apo B and apo Ba apoA1. The WHR correlated closely with ALT and insulin, moderately with TG and apo B, and weakly with HDL-C and apo Ba apo A 1 . The WHRaHt SDS correlated closely with ALT and insulin, and moderately with TG ( Figure 1) . The WHRaHt SDS also correlated inversely with HDL-C (r 7 0.247, P`0.02).
The correlation pro®le in girls was different from that in boys. The percent overweight correlated Age-adjusted measure of body fat distribution K Asayama et al a Data were transformed logarithmically before performing a correlation analysis. *P`0.05, ** P`0.02, ***P`0.01, ****P`0.001. WHR waist 7 to 7 hip ratio; HDL high 7 density lipoprotein; Apo apolipoprotein; ALT alanine aminotransferase; LDL low 7 density protein. Age-adjusted measure of body fat distribution K Asayama et al moderately with only ALT, but not with the other biochemical indices (Table 5) . Similarly, the percent body fat correlated closely with ALT, but only weakly with TG, apo B, apo Ba apo A 1 and insulin. The waist girth correlated closely with ALT and insulin, and moderately with TG. The WHR correlated closely with TC, moderately with LDL-C, apo A 2 , apo B, apo Ba apo A 1 and ALT, and weakly with TG. The WHRaHt SDS correlated closely with TG and insulin, and moderately with ALT ( Figure 2 ). The WHRaHt SDS also correlated with apo B (r 0.292; P`0.02) and apo Ba apo A 1 (r 0.258; P`0.05).
Biochemical complications and the criteria for obesity in obese children
We classi®ed the obese subjects into four groups by gender according to the number of abnormal values occurred in TG, ALT and insulin (Table 6 ). In boys, the percent overweight, percent body fat, waist girth, WHR and WHRaHt SDS in the groups with complications were signi®cantly higher than in the group without complications. The mean values of the percent overweight, percent body fat, waist girth and WHR in the groups with complications were up to 55%, 33%, 24% and 7% higher, respectively, than in the group without complications. On the other hand, the mean values of the WHRaHt SDS were approximately twice as high in the groups with complications as in the group without complications. In girls, the values for percent overweight, percent body fat, waist girth and WHR showed a marginal statistical difference among the groups. The mean values of the percent overweight, percent body fat, waist girth and WHR in the groups with complications were only up to 40%, 32%, 24% and 5% higher, respectively, than in the group without complications. In contrast, the WHRaHt SDS in the groups with complications were signi®cantly higher than in the group without complications, the mean values being more than twice as high in the groups with complications as in the group without complications.
Discussion
The percent body fat and waist girth were positively, while the WHR was negatively, associated with age in the control children, as was found in previous studies. 12, 14 The percent overweight did not correlate with age in the control children, because it was calculated based on the data speci®c to age and gender. The WHRaHt SDS is, by de®nition, an ageindependent index. 17 In the present obese subjects, the percent overweight was similar in both genders, indicating that the boys and girls enrolled in the present study were not different in terms of the degree of obesity. In contrast, the WHR was higher and the percent body fat was lower in obese boys than in obese girls, as was the case in the controls, suggesting that the gender-related difference in body build 1, 12, 14, 15 was independent of the obesity status. The correlation pro®le between age and anthropometric indices in the obese children differed from that in the controls, suggesting that the type of obesity changes with age in obese children. The percent body fat was more closely correlated with age in the present obese children than in the controls. This close correlation and lack of correlation between the percent overweight and age collectively suggested that the older obese children were relatively more adipose at a given degree of obesity than the younger ones. The ®nding that WHRaHt SDS closely correlated with age in the obese children, but not at all in the control children, indicated that the older obese children tended to gain more fat at the umbilical level than the younger ones.
Obesity induces hyperlipidaemia and low HDL-C values in adults 22, 23 and in children, 24 ± 26 although the changes are milder in children than in adults. The mean values of most clinical laboratory data in the present obese children were in the normal ranges. Their HDL-C level was not decreased. According to The Bogalusa Heart Study, 11 the serum HDL-C level Obese subjects were classi®ed into four groups for each gender according to the number of abnormal values in terms of serum triglyceride, alanine aminotransferase and insulin levels. Data are means AE s.d. Statistical signi®cance was estimated by post hoc tests after one way ANOVA (Bonferroni's adjustments for the variables with homoscedasticity, and Dunnett T3 test for those without homoscedasticity). *P`0.05, **P`0.01, ***P`0.005, ****P`0.001 (vs Group 0), *****P`0.05 (vs Group 1). WHR waist-to-hip ratio; WHRaHt SDS standard deviation score of WHRaheight.
Age-adjusted measure of body fat distribution K Asayama et al was inversely correlated with obesity, whereas this was more prominent in older age groups than in younger groups, 11 suggesting that HDL-C decreases less constantly in children 27 than in adults. 24, 25 The present obese boys were more hyperlipidaemic than the obese girls were, while the apolipoproteins and ALT were also higher in the boys than in the girls. The occurrence of abnormal values in TG, ALT and insulin was also more frequent in the boys than in the girls (that is, 65 of 102 boys vs 35 of 75 girls). Metabolic derangement tends to be worse in adult men than in adult women with the same degree of obesity.
2 Male-type obesity, as re¯ected by an increased WHR 2 (or waist girth per se), 6 ± 9 is more closely related to the complications than female-type obesity. That metabolic derangements are more common in boys 28 has been previously observed, and has been ascribed to androgyny in fat patterning.
The serum insulin level has been commonly found to correlate positively with TG and inversely with HDL-C in children and adolescents. 29, 30 Hyperinsulinaemia associated with obesity also becomes evident in adolescents. 31 However, the relationship between the lipoproteins and anthropometric indices tends to vary more than the inter-relationship between the clinical laboratory data, 29 even in adults. 10 We previously calculated the SDS of the anthropometric indices from the data of a large population of children ranging in age from 6 ± 12 y, 1 and thus demonstrated that indices of overweight, adiposity and body fat distribution closely correlated with the clinical laboratory data in obese boys, but that only the index of body fat distribution was associated with the metabolic indices in obese girls. In the present study, the percent overweight, percent body fat, waist girth and WHRaHt SDS were almost all equally well correlated with such serum biochemical indices as TG, HDL-C, ALT and insulin in boys. On the other hand, only the WHRaHt SDS and waist girth showed close correlation with TG and insulin in girls, although ALT correlated closely or moderately with the ®ve indices of obesity. The association of the WHR with the indices of cholesterol metabolism such as TC, LDL-C, apo A 2 , apo B and apo Ba apo A 1 either disappeared or substantially weakened when the WHRaHt SDS was used instead of WHR.
Introduction of the occurrence of major biochemical complications as a new variable distinguished WHRaHt SDS from the other criteria. In boys, the values of all ®ve criteria for obesity were signi®cantly higher in the groups with complications than in the group without complications. However, among the ®ve indices, the WHRaHt SDS showed by far the widest margin of difference in the mean values between the groups (i.e., 2-fold vs up to 55% in the other indices). In girls, only the WHRaHt SDS differed constantly between the group without complications and the groups with complications, with the b 2-fold margin of difference in the mean values. As a result, the WHRaHt SDS differed strikingly from the other indices for both genders in that it obviously distinguished the groups with complications from the group without complications. Although WHRaHt SDS is not the best correlate to blood biochemistry in the boys, its wide margin of difference is favorable for establishing the critical value to identify the complication in the future study.
In adults, several recent reports have proposed using waist girth instead of the WHR as an anthropometric standard for predicting IAF accumulation. 6 ± 9 The waist girth better re¯ects visceral adipose tissue area, 6 insulin sensitivity 32 and glucose tolerance 9 than the WHR. The waist girth threshold of accumulation of visceral adipose tissue, unlike the WHR, is independent of either gender or the degree of obesity. 7 Han et al 33 calculated the optimal index powers minimizing the effect of Ht by linear regression analysis of log Ht vs log (waist girth). The Ht had no appreciable effect on the waist girth in adults. By a similar analysis in our children, the optimal index power minimizing the effect of Ht on waist girth was signi®cantly positive in each gender, and the height contributed around 40% of the variance in waist girth.
The WHRaHt SDS changed very sensitively in response to the occurrence of early biochemical complications of obesity in both genders, but neither WHR nor waist girth changed in obese girls. Furthermore, the latter indices were highly dependent on age in the control children. Instead of waist girth as in adults, the WHRaHt SDS may therefore be a suitable index for predicting the metabolic derangement in obese children ranging from the ages of 6 ± 15 y.
